Outbred, male Sprague-Dawley rats can be classified as either low or high cocaine responders (LCRs or HCRs, respectively) based on cocaine-induced locomotor activity in an open-field arena. This difference reflects cocaine's ability to inhibit the striatal dopamine transporter and predicts development of sensitization. To investigate the relationship between initial cocaine locomotor responsiveness and cocaine reward, here we first classified rats as either LCRs or HCRs in a conditioned place preference (CPP) apparatus. Subsequently, we conducted cocaine conditioning trials, twice-daily over 4 days with vehicle and cocaine (10 mg/kg, i.p. or 1 mg/kg, i.v.). When cocaine was administered by the i.p. route, similar to previous findings in the open-field, LCRs and HCRs were readily classified and locomotor sensitization developed in LCRs, but not HCRs. However, cocaine CPP was not observed. In contrast, when cocaine was administered by the i.v. route, the LCR/HCR classification not only predicted sensitization, but also CPP, with only LCR rats exhibiting sensitization and cocaine conditioning. Our findings show that the initial locomotor response to cocaine can predict CPP in male Sprague-Dawley rats under conditions when place conditioning develops, and that LCRs may be more prone to develop conditioning in the context of cocaine reward.
Introduction
Individuals exhibit a wide range of initial responsiveness to both the therapeutic and reinforcing effects of stimulant drugs, and this differential responsiveness is due largely to phenotypic differences (see Lott et al., 2005; Volkow and Swanson, 2003) . Individual variability in responsiveness to stimulants may influence subsequent risk for stimulant abuse and addiction. This relationship has been most clearly documented for alcohol where a low level of response to ethanol in young men is associated with an enhanced risk for alcoholism later in life (Schuckit, 1994; Schuckit et al., 2006) . Utilizing animal models that are based on differential individual responsiveness to drug (s) may be an effective strategy for identifying the genes and cellular mechanisms that can contribute to vulnerability to drug addiction.
A number of animal models have exploited pre-existing (rather than drug-induced) differences among individuals that correlate with sensitivity to stimulant-induced effects. For example, outbred male Sprague-Dawley (S-D) and Wistar rats can be initially identified as low or high responders to novelty, LRs or HRs, respectively. The greater locomotor activity of HRs in an inescapable novel environment has been correlated with an enhanced vulnerability to self-administer the stimulants amphetamine and cocaine (Piazza et al., 1989 (Piazza et al., , 2000 see Cain et al., 2004) . It should be noted, however, that differential LR/ HR novelty locomotor responsiveness was recently linked to Pharmacology, Biochemistry and Behavior xx (2007) xxx -xxx different rates of learning the self-administration task, rather than cocaine intake per se (Mitchell et al., 2005) . In addition, locomotor response to novelty is not always predictive of amphetamine-or cocaine-induced conditioned place preference (CPP) in rats, and mice categorized as LRs in a CPP chamber exhibit greater low dose cocaine-induced CPP than HRs (Brabant et al., 2005; Erb and Parker, 1994; Gong et al., 1996; Klebaur and Bardo, 1999; Shimosato and Watanabe, 2003) .
Initial differences in cocaine-induced locomotor activation have also been reported and correlate well with several neurobiological and behavioral variables. For example, Cynomolgus monkeys that exhibit higher levels of cocaine-induced locomotor activity in a novel open-field arena are more likely to become subordinate in social groups, have lower numbers of basal ganglia dopamine D 2 receptors and are more likely to self-administer cocaine (Morgan et al., 2000 (Morgan et al., , 2002 . In male S-D rats, acute cocaine-induced locomotor activity correlates positively with cocaine-induced enhancement of excitatory synaptic strength in the ventral tegmental area, which contains the cell bodies of the mesocorticolimbic DA neurons (Borgland et al., 2004) .
In our laboratory, we have classified groups of outbred male S-D rats as either low or high cocaine responders (LCRs or HCRs, respectively), based on the median split of their open-field locomotor activity during the first 30 min after a cocaine injection (10 mg/kg, i.p.). In response to the initial dose of cocaine, HCRs exhibit significantly higher levels of locomotor activity and significant inhibition of in vivo striatal DA clearance by the dopamine transporter (DAT), relative to vehicle controls and LCRs (Briegleb et al., 2004; Gulley et al., 2003; Sabeti et al., 2002) . With repeated cocaine administration, however, the responsiveness of the HCRs remains relatively constant whereas LCRs begin to exhibit marked cocaine-induced locomotor activity (i.e., locomotor sensitization) and significant inhibition of DA clearance (Sabeti et al., 2003) . It is important to note that in our experiments S-D rats classified as LCRs and HCRs do not differ in novelty-induced locomotor activity when first placed in the open field apparatus (Briegleb et al., 2004; Gulley et al., 2003) , and, conversely, S-D rats characterized by their response to a novel environment (HR/ LR) do not consistently differ in their cocaine-induced locomotor activation (Gulley et al., 2003) . These data suggest that the mechanisms underlying differential cocaine responsiveness in LCRs/ HCRs and LRs/HRs may not be the same in S-D rats.
We designed the present study to determine what contribution, if any, individual differences in initial responsiveness to cocaine have on cocaine place conditioning in male S-D rats. The CPP is an animal model used to infer rewarding effects of drugs by measuring the capacity of a previously drug-paired environment to elicit and maintain approach behavior (for review, see Bardo and Bevins, 2000; Carr et al., 1989; Tzschentke, 1998) . In this study, we first characterized outbred, male S-D rats as either LCRs or HCRs in a CPP apparatus and then subsequently conducted a series of cocaine (10 mg/kg, i.p, or 1 mg/kg, i.v.) and vehicle place conditioning trials. We chose the CPP procedure because it can be adapted to induce cocaine CPP with daily injection of cocaine (Dong et al., 2004; Harris and Aston-Jones, 2003; Biala, 1999, 2000; McGeehan and Olive, 2003; Tzschentke and Schmidt, 1997) , the pattern of exposure we use in the laboratory to characterize rats as LCRs and HCRs and to measure the differential development of behavioral sensitization (e.g., Briegleb et al., 2004; Gulley et al., 2003; Sabeti et al., 2002 Sabeti et al., , 2003 .
Methods

Animals
Eighty male S-D rats (275-325 g) were obtained from Harlan (Indianapolis, IN). Rats were housed in the testing room on a 12-h light/dark cycle (lights on at 7:30 AM) with ad libitum access to food and water. All experimental procedures were performed in agreement with the NIH Guide for the Care and Use of Laboratory Animals and were approved by the Institutional Animal Care and Use Committee at the University of Colorado at Denver and Health Sciences Center -Downtown Denver campus.
Indwelling intravenous catheters
Half of the rats (n = 40) were fit with chronic indwelling jugular venous catheters, constructed partly or entirely in the laboratory with parts from Plastics One, Inc (Roanoke, VA) using established procedures (Caine et al., 1993) . All catheters featured an externalized access port protruding from the skin on the rat's back and were implanted under ketamine (100 mg/kg, i.m.)/xylazine (10 mg/kg, i.m.) anesthesia. Catheters were flushed as needed with a sterile saline solution that contained 16.7 U/ml heparin sodium. Rats were allowed to recover from surgery for at least 5 days before the start of an experiment. Ten rats had catheter failures during the conditioning experiments (almost exclusively blockages). These data were excluded from the final analyses. One rat died during surgery.
Place conditioning apparatuses
Four commercially available CPP apparatuses were used in this study (Med Associates, St. Albans, VT). Each apparatus was housed inside a custom-made cabinet (internal dimensions approximately 105 × 57 × 56 cm) complete with a white noise speaker and ventilation fan. Each apparatus consisted of two distinct outer compartments (28 × 21 × 21 cm) -one black with bar flooring and corn cob bedding and the other white with black stripes, mesh flooring and grey Tek-fresh™ bedding -connected by a smaller gray compartment (12 × 21× 21 cm). Fifteen infrared photobeams spaced at approximately 5 cm intervals throughout the apparatus (six in each outer compartment and three in the center compartment) recorded horizontal movement in the apparatus. Each compartment in the apparatus was illuminated with a 28 V, 100 mA bulb mounted on the compartment's ceiling panel.
Characterizing the initial locomotor response to cocaine
In the first experiment, rats injected with cocaine (n = 12) came from a single cohort and were tested at the same time in the laboratory. The median split of locomotor activity scores during the first 30 min after cocaine injection at session one (804) was used to classify these rats as either LCRs or HCRs. In subsequent experiments, cocaine-treated rats came from two (i.p. cocaine) and three (i.v. cocaine) cohorts tested at different times. Median locomotor activity scores for these groups were 1110 (n = 12) and 775 (n = 8) for rats injected i.p. with cocaine and 1112 (n = 6), 581 (n = 6), and 1055 (n = 8) for rats infused i.v. with cocaine. Because locomotor activity levels vary between-groups over time, LCR/HCR classification was made both within each distinct group tested (e.g., see Marinelli, 2005) and by treating the two i.p. cohorts and three i.v. cohorts as single populations (median locomotor scores were 927 for the 20 rats injected i.p. with cocaine and 894 for the rats infused i.v. with cocaine). Rats that were classified differently by these two methods (i.e., within and between-groups) were excluded from the final data analysis (n = 0 for i.p. cocaine and n = 4 for i.v. cocaine).
Measuring initial response to cocaine and sensitization in the CPP apparatus
During the first experiment, we used the CPP apparatuses to measure locomotor activity only (i.e., place conditioning trials were not conducted). During this experiment, rats had free access to all three compartments of the place conditioning apparatus every time they were placed in the apparatus. Rats were first habituated to the CPP apparatus for 1 h. After 1 h, rats were removed and injected with either vehicle (saline "control rats") or 10 mg/kg cocaine, i.p., and then returned to the chamber for an additional 30 min. Consecutive beam breaks were used as the measure of locomotor activity. Rats were tested in the CPP apparatus for their locomotor response to vehicle or cocaine once each day for seven days. Following a 24 h-period where rats remained in their home cages, a "reversal test" was performed. Here, the same testing procedure was used except that rats that received cocaine in sessions one to seven were administered vehicle and rats that received vehicle during sessions one to seven were administered cocaine.
Concurrent assessment of locomotor activity and CPP
In a second set of experiments, individual differences in cocaineinduced locomotor activity, sensitization, and CPP were assessed concurrently in the CPP apparatus. Session one was conducted as described above. Location within the apparatus during the first 15 min of this session was used as the rat's baseline preference for the compartments within the CPP apparatus. Groups of rats spent nearly equal time in both conditioning compartments of the apparatus at baseline (see results). After 60 min in the apparatus, rats were injected with either vehicle ("control rats") or cocaine by either the i.p. or i.v. route (10 mg/kg, i.p., or 1 mg/kg., i.v., 7-sec infusion), and locomotor activity was measured over the next 30 min. These data were used to categorize rats as either LCRs or HCRs. Over the next 4 days, rats were exposed to two place conditioning sessions each day, at least 4 h apart. Each daily conditioning session consisted of 30 min of restricted access in either the white or black compartment following exposure to either vehicle (i.p. or i.v.) or cocaine (10 mg/kg, i.p., or 1.0 mg/kg, i.v.). Rats were randomly assigned to receive cocaine in either the white or black compartment, and they received vehicle in the other. Also, rats received cocaine in either the morning or afternoon on a random daily basis. The next (sixth) day, rats were placed in the middle compartment and given free access to all three compartments of the apparatus for 1 h. A rat's location in the apparatus during the first 15 min of this 1 h-period was used to measure postconditioning place preference. After 1 h, rats were removed from the apparatus and given an injection of either vehicle or 10 mg/kg cocaine, i.p., (or infusion of vehicle or 1 mg/kg cocaine, i.v.) and then returned to the chamber for 30 min to measure locomotor response to either vehicle or cocaine.
Data analysis
Locomotor activity score was defined by total consecutive beam breaks and represents horizontal movement through the CPP apparatus. Non-consecutive beam breaks, which may be more likely to monitor stereotypy, were not analyzed. Place conditioning data are presented as a preference ratio, calculated as the time spent in the drug-paired chamber divided by the total time spent in drug-and vehicle-paired chambers.
Data are expressed as mean values ± standard error of the mean (SEM). Data were analyzed using SPSS for Windows, version 14.0 (SPSS Inc., Chicago, IL) using repeated measures analysis of variance (RMANOVA), one-way ANOVA, least significant difference (LSD) post-hoc tests, and independent or paired-samples t-tests.
Drugs
(−)-Cocaine HCl was obtained from the National Institute on Drug Abuse (RTI International, Research Triangle Park, NC). Fig. 1 . Repeated i.p. cocaine injections induce locomotor sensitization in LCRs, but not in HCRs, when locomotor activity is measured in a CPP apparatus. Vehicle or cocaine (10 mg/kg, i.p.) was administered once-daily for seven days to the control and experimental groups, respectively. Ordinate: Locomotor Activity Score, representing consecutive beam breaks in the CPP apparatus during the 30-min post-injection interval. Abscissa: session. On day 8 for a reversal test (R), rats in the control group (n = 4) were given cocaine whereas LCRs (n =6) and HCRs (n = ) were given vehicle. Mean values ± SEM. Cocaine was dissolved in a 0.9% sodium chloride solution. Heparin sodium (16.7 U/mL) was added to the solution for i.v., but not i.p., administration (both for drug and vehicle infusions).
Results
3.1. LCRs and HCRs are observed in a place conditioning apparatus Fig. 1 presents locomotor activity data from 16 rats injected i.p. with either saline vehicle ("control"; n = 4) or cocaine (10 mg/kg; n = 12) during each of seven once-daily sessions. In this experiment, the place preference chambers were used to measure locomotor effects of cocaine and development of cocaine sensitization, but not development of cocaine CPP (see Methods Section). Locomotor activity scores in the 30 min period after vehicle or cocaine injection were 638± 126 and 898± 654, respectively, but this difference was not significant. We then split locomotor activity scores from the 12 rats injected with cocaine at the median (804) to categorize rats as either LCRs or HCRs. Locomotor activity scores from these two groups (LCR, 619± 63; HCR, 1178± 138) were compared with each other and control rats. One-way ANOVA revealed significant group differences [F(2,15) = 8.477, p= 0.004]. Post-hoc comparisons revealed significant differences between control and HCR ( p= 0.007), and LCR and HCR (p = 0.003), but not control and LCR. There were no significant group differences in locomotor activity during the novelty (0-30 min) or habituation (30-60 min) components of session one.
Locomotor sensitization develops in LCRs, but not HCRs, in the conditioning apparatus
After classifying rats as HCR/LCR (see Section 2.4) and comparing them with control rats, locomotor activity scores across the seven sessions were analyzed with RMANOVA. This analysis revealed a significant group by session interaction [F(12,78) = 4.470, p b 0.001]. Subsequent analyses revealed that only LCRs showed a significant increase in locomotor activity across the seven sessions [ Fig. 1 ; from RMANOVA of LCR locomotor activity scores; F(6,30)= 12.183, p b 0.001]. Additionally, significant between-group differences were revealed by one-way ANOVA at sessions one, four, five, six and seven (p b 0.05-0.01). Post-hoc tests revealed that by session seven the relationship of betweengroup differences had changed, such that cocaine-elicited locomotor activity in LCRs was now greater than both cocaine-elicited locomotor activity in HCRs (3350 ± 464 vs. 1927± 411, respectively, p = 0.022) and control rats (3350 ± 464 vs. 447± 82, p b 0.001). There were no significant differences observed between-groups on the reversal test conducted 24 h after session seven.
Locomotor sensitization develops in LCRs, but not HCRs, during a CPP experiment
In a second set of experiments, sensitization to cocaineelicited locomotor activity and the development of CPP was measured simultaneously across six daily experimental sessions (see Methods Section). Fig. 2A and C show the locomotor activity scores from sessions one and six, respectively, that were measured from control (n = 4) and cocaine-injected rats (n = 20; 10 mg/kg, i.p.). Mean locomotor activity scores from rats categorized as LCR (n = 10) and HCR (n = 10) were 538 ± 56 and 1687 ± 202, respectively. RMANOVA revealed a group by session interaction [F(2,21) = 4.363, p = 0.026]. Subsequent one-way ANOVA revealed significant group differences in locomotor activity scores between LCRs, HCRs, and control rats during session one [F(2,23) = 17.965, p b0.001], during which HCRs exhibited significantly greater locomotor activity than LCRs ( p b 0.001) and control rats (738 ± 106, p = 0.002). Locomotor activity scores from control rats and LCRs did not differ.
Only rats characterized as LCRs demonstrated sensitization to the locomotor effects of cocaine: paired-samples t-tests revealed significant differences in locomotor activity scores between sessions one and six for LCR rats [538± 55 vs. 2122 ± 221; t(9) = −6.953, pb 0.001], but not for HCRs or control rats. When locomotor activity scores were compared between-groups at session six, both LCRs and HCRs exhibited significantly more locomotor activation than control rats, but LCRs and HCRs did not differ in the magnitude of locomotor activation elicited by cocaine [ Fig. 2C ; overall ANOVA, F(2,23) = 4.238, p = 0.028; vehicle vs. LCR, p = 0.015; vehicle vs. HCR, p = 0.012). There were no significant between-group differences revealed when locomotor activity scores from the novelty (0-30 min) or habituation (30-60 min) components of sessions one or six were analyzed with RMANOVA. Fig. 2 B and D show locomotor activity scores from control (n= 9) and cocaine-infused rats (n= 16; 1 mg/kg, i.v.). respectively). However, when data were analyzed in one-min bins starting 3 min before injection through 10 min after, RMANOVA revealed significant group by session interactions for both i.p. cocaine [F(24,240) (Fig. 3) . In contrast, locomotor activity scores first differed significantly from control 4 min after i.p. injection of cocaine [ANOVA, F(2,21) = 14.039, p b 0.001; HCR vs. control, p = 0.002] and peaked by 5 min (Fig. 3) . A t-test performed on peak locomotor activity scores from HCRs revealed a statistical trend for higher peak locomotor activity after i.v. versus i.p administration of cocaine [131 ± 11 vs. 92± 15; t(16) = −2.010, p =0.062].
LCRs, but not HCRs, develop a CPP with intravenous cocaine
For rats injected i.p. with either vehicle or cocaine during conditioning trials, there were no significant group differences in CPP preference ratios either at baseline (pre-conditioning; control, 0.49 ± 0.02; LCR, 0.52 ± 0.03; HCR, 0.51 ± 0.04) or on the post-conditioning test day (control, 0.55 ± 0.03; LCR, 0.53 ± 0.04; HCR, 0.55 ± 0.04). Fig. 4 presents preconditioning and post-conditioning preference ratios for control rats and rats infused i.v. with 1 mg/kg cocaine during conditioning trials. When control rats (n = 9) were compared to all cocaine-infused rats (n = 16), the RMANOVA revealed an interaction between session and group [F(1,23) = 4.985, p = 0.036]. Subsequent post-hoc analyses revealed that only cocaine-conditioned rats increased time spent in the cocaine-paired compartment (pairedsamples t-test, t(15) = − 2.810, p = 0.013); interestingly, the post-conditioning preference ratios did not differ between cocaine-conditioned and control rats. When control rats were compared to cocaine-conditioned rats classified as LCRs (n = 8) or HCRs (n = 8), again the RMANOVA revealed an interaction between session and group [F(2,22 = 4.183, p = 0.029]. Oneway ANOVAs revealed between-group differences for postconditioning preference ratios only [F(2,22) = 3.583, p = 0.047]. The post-conditioning preference ratio for LCRs (0.67 ± 0.03) was significantly higher than the post-conditioning preference ratios measured in control rats (0.50 ± 0.05, p = 0.021) and rats classified as HCRs (0.52 ± 0.06, p = 0.049). Only rats classified as LCRs showed a significant change in preference ratio [pre vs. post, t(7) = − 6.095, p b 0.001].
When we classified rats by their initial response to novelty (low responders and high responders, LRs and HRs, respectively) rather than by their response to cocaine, RMANOVA of pre and post-conditioning preference ratios revealed only a main effect of group [F(2,24) = 4.264, p = 0.026]. Rats classified as LRs tended to have higher preference ratios than HR rats both prior to (0.53 ± 0.02 vs. 0.45 ± 0.03) and after conditioning (0.66 ± 0.03 vs. 0.52 ± 0.05).
Discussion
We have previously demonstrated individual differences amongst outbred, male S-D rats in their initial locomotor responsiveness to a low i.p. dose of cocaine when behavior is measured in an open-field (Sabeti et al., 2002) . Only rats categorized as LCRs under these conditions go on to exhibit cocaine-induced locomotor sensitization. Further, cocaine inhibition of in vivo striatal DA clearance by the DAT is initially no different from vehicle control in LCRs but emerges with repeated cocaine, together with the development of sensitization (Sabeti et al., 2002 (Sabeti et al., , 2003 . We have ruled out several likely explanations for the differential responsiveness of LCRs and HCRs, including differences in brain cocaine levels and in cocaine's affinity for DAT (Gulley et al., 2003) . However, differences in rapid trafficking of DATs to and from the cell membrane appear to contribute, at least to the initial variability in acute cocaine-induced locomotor activation (Briegleb et al., 2004) . Here, we extended these findings to show that 1) male S-D rats can be classified as LCRs/HCRs in a CPP apparatus and following i.v. cocaine administration; 2) this initial response to cocaine predicts the development of sensitization to cocaine's locomotor effects when measured in this apparatus; and 3) the LCR/HCR classification predicts the development of cocaine CPP, in that LCRs, but not HCRs, develop a cocaine CPP with i.v. infusions of 1 mg/kg cocaine.
In the present study, parallel LCR/HCR differences in both initial cocaine responsiveness and development of behavioral sensitization were observed when rats were administered cocaine via either i.p. injection (10 mg/kg) or i.v. infusion (1 mg/kg). These results are not surprising given that equivalent peak levels of cocaine are achieved in striatum with these two dosing conditions (Orona et al., 1994) . Interestingly, however, cocaine CPP developed only under the intravenous dosing conditions. That sensitization can occur in the absence of conditional responding is not surprising given our previous characterization of LCRs and HCRs, which suggests a predominately pharmacological sensitization involving increases in the ability of cocaine to inhibit DATs in the nucleus accumbens of LCRs and little involvement of contextual cues (Sabeti et al., 2003) . This is also consistent with work from other laboratories. For example, locomotor sensitization develops with repeated cocaine exposure when either paired or unpaired with a neutral stimulus during a Pavlovian conditioning experiment, even though conditioned locomotion only develops in the paired group (Panlillio and Schindler, 1997) . We do not know why 10 mg/kg cocaine, i.p., failed to produce place conditioning in this experiment. This dose of cocaine produces robust CPP in S-D rats under some conditions (e.g., Cervo and Samanin, 1995; Kosten et al., 1994; Nomikos and Spyraki, 1988) . In our laboratory, 10 mg/kg cocaine reliably produces small but statistically significant increases in CPP when cocaine and vehicle injections are administered on alternate days (unpublished observation). Consistent with our unpublished observations, in some reports 10 mg/kg cocaine, i.p., is a threshold dose with higher doses (e.g., 20 and 40 mg/kg) producing greater degrees of conditioning (e.g., O'Dell et al., 1996) . It is important to note, however, that the CPP procedure we used in the present study differed from typical CPP procedures in that rats were not confined to the drug-paired chamber the first time they were treated with cocaine, but were allowed free access to all compartments so that we could classify them as LCR/HCR in the apparatus. This may have disrupted the relatively low level of cocaine CPP we see in our laboratory with 10 mg/kg i.p. cocaine under other conditions.
Cocaine place conditioning did develop, however, when cocaine was administered i.v., and under these conditions initial locomotor response to cocaine predicted cocaine CPP. Although locomotor activity levels recorded for 30 min after cocaine administration did not differ between rats injected with 10 mg/kg i.p. cocaine and rats infused with 1 mg/kg i.v. cocaine, differences were apparent at short times after cocaine administration. Specifically, locomotor activity differed from controls and peaked sooner in rats infused i.v. with cocaine (1-2 min) compared with rats injected i.p. with cocaine (4-5 min). The more rapid increase in brain cocaine levels with intravenous administration could result in more pronounced signaling cascades. Consistent with this idea, psychomotor sensitization, inhibition of dopamine uptake, and expression of immediate early genes in the corticomesolimbic system are greater with more rapid experimenter-administered i.v. cocaine infusions (Samaha et al., 2002 (Samaha et al., , 2004 . When rats self-administer cocaine, rapid infusion speeds are more likely to lead to sensitization to cocaine's reinforcing effects, although rapid infusion rates are not required for cocaine to function as a reinforcer (Liu et al., 2005) . These authors have argued that both the acute reinforcing effects of cocaine and the development of cocaine sensitization are factors that contribute to addiction and that both should be incorporated into models that study this process.
To the extent that sensitivity to the locomotor-stimulating and direct rewarding effects of cocaine is correlated, it might seem unusual that the group with the higher initial locomotor response to cocaine demonstrated no significant preference. However, our data suggest that differences in the propensity to develop sensitization, rather than the magnitude of cocaine's effects alone, may predict positive effects in the associative learning procedures used to model aspects of addiction. For example, Lewis rats are more likely than Fischer 344 rats to develop both a predominately pharmacological sensitization to the locomotor effects of cocaine and cocaine CPP across a range of cocaine doses (Kosten et al., 1994) . Also, cocaine CPP can be induced with lower cocaine doses or fewer conditioning trials in rats that receive repeated experimenter-administered injections of cocaine prior to the start of conditioning (Shippenberg and Heidbreder, 1995) . A similar phenomenon has been demonstrated with the self-administration procedure (e.g., Schenk et al., 1993; Schenk and Partridge, 2000) , and these data have been used to support the argument that pre-exposure to cocaine produces sensitization to the reinforcing effects of the drug. Our identification of a subgroup of rats that are more likely to develop both sensitization and CPP complements these findings and establishes a methodology with which to investigate genetic and other individual neurobiological differences that contribute to learning in the context of cocaine reward.
In summary, our data suggest that rats with low initial locomotor responsiveness to cocaine (LCRs) represent a phenotype more susceptible to development of cocaine locomotor sensitization and CPP. Our findings also emphasize the fact that using male S-D rats as a homogeneous population for studies with cocaine may obscure valuable insights and will likely yield more variable results. In our future studies with the CPP procedure we plan to further evaluate the role of cocaine dose and route of administration on the individual differences in reward sensitivity demonstrated in the present study. It will be important also to measure the direct reinforcing and motivational effects of cocaine in LCRs and HCRs using the drug self-administration procedure. Measuring both the rate of acquisition of various doses of cocaine, as well as responding under progressive ratio schedules of reinforcement, should further reveal if LCRs are also more susceptible than HCRs to abuse-related effects of cocaine.
